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Abstract 
 
Timber-concrete composite (TCC) floor systems utilize composite action between a timber joist and 
a concrete topping to increase their span. Their overall structural performance is significantly 
influenced by the load-slip relationship, strength, stiffness and positions of the connectors providing 
the composite action. The relatively low elastic modulus of timber, however, may affect the 
dynamic (vibration) performance of medium to long-span TCC floors. Three broad areas are 
currently under investigation at the University of Canterbury: (1) the choice of the best type of 
connection: (2) the collapse behaviour under static (gravity) loads; and (3) the vibration 
susceptibility. This paper presents preliminary results of experimental tests used to characterise the 
connection systems as they are tested to failure under monotonic loads. Based on those outcomes, a 
semi-prefabricated composite floor system is proposed. The system is constructed from 
prefabricated panels made from timber joists and plywood sheets, and by a concrete slab cast-in-situ 
on top of the panels. Two different types of connection systems are shown to perform satisfactorily: 
notches cut from laminated veneer lumber (LVL) joists and reinforced with coach screws, and 
toothed metal plates pressed into LVL joists. Finally, an overview of the extensive experimental 
programme currently ongoing is provided.  
 
 
1. Introduction 
 
The timber concrete composite (TCC) floor system is a construction technique where a concrete 
slab is mechanically connected to its supporting timber joists using either notches cut from the 
timber or suitable mechanical fasteners. The concrete can be cast in-situ or alternatively the 
fasteners can be inserted into a prefabricated concrete slab to provide on-site connection to the 
timber. The shear connectors provide composite action which utilizes the advantages of both 
materials: tensile and bending resistance of timber, and compressive strength of concrete (Ceccotti, 
1995). A typical TCC system is shown in Figure 1.  
 
 
 
Figure 1   Schematic of a typical timber-concrete composite floor system (Ceccotti, 2002) 
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The performance of the TCC beam is significantly influenced by the behaviour of the connection 
system. Stiff and strong shear connectors are required to provide optimal structural efficiency. 
Some ductility is desirable since both timber and concrete exhibit quite brittle behaviour in tension 
and compression, respectively, and the plasticization of the connection is the only source of 
ductility for the TCC system (Frangi & Fontana 2003, Ceccotti et al. 2006). However, the 
connection system needs to be inexpensive to manufacture and install in order to make TCC beams 
competitive with other construction systems such as steel and precast concrete floors. 
 
The New Zealand industry is currently looking for new applications of timber in multi-storey 
buildings. The effort is to venture into the possibility to produce medium to long-span TCC floors 
of 8 to 10 m using laminated veneer lumber (LVL). There is currently an extensive research 
programme ongoing at the University of Canterbury aimed to develop such a system. This paper 
reports the first outcomes of the experimental tests performed on the connection systems, together 
with the proposed semi-prefabricated composite system. An overview of the static and dynamic 
testing currently ongoing on T-strips of floors is also reported.  
 
 
2. The Proposed Semi-Prefabricated TCC Floor System 
 
Floors are a crucial part of multi-storey timber buildings. TCC floors have several advantages with 
respect to timber-only floors, including greater stiffness, less susceptibility to vibrations, better 
seismic performance, higher fire resistance and, last but not least, better acoustic separation. An 
increasing range of TCC systems has been developed, including cast-in-situ, semi-prefabricated, 
and fully prefabricated floors. Concrete slabs prefabricated off-site that incorporate shear fasteners 
are being developed in Sweden (Lukaszewska et al. 2006, 2008). Those slabs are then connected 
with the timber joists on the building site, providing the possibility of constructing fully 
demountable solutions. Fully prefabricated TCC panels have also been developed and used in 
Germany (Bathon et al. 2006).  
 
A semi-prefabricated floor system is currently under investigation at the University of Canterbury. 
The proposed system comprises “M” section panels built with LVL beams which act as floor joists 
and a plywood interlayer as permanent formwork (see Figure 2). The panels can be prefabricated 
off-site and then transported to the building site, craned into position and connected to the main 
frame with specially designed joist hangers. Steel mesh is laid above the panels to provide 
shrinkage control for a 65 mm thick cast in-situ concrete slab. The panels can be propped while the 
concrete cures. The connection system has notches cut from the LVL joist and reinforced with a 
coach screw to provide more ductile behaviour during failure and to increase the shear strength. 
These notches are cut into the beams before the plywood interlayer is nailed on.  
 
Cast in-situ concrete
65 mm thick
with reinforcement 
D10-200 c/c both ways
Double LVL 400x63
Plywood interlayer
17 mm thick
Notched coach screw connection
Ø16 mm diameter
 
Figure 2       Proposed semi-prefabricated TCC floor system 
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The 2400 mm wide “M” section panel is built with a single 400 × 63 mm LVL joist on each outer 
edge and a double LVL joist in the centre. The span of between 8 and 10 m requires 6 to 8 
connectors along the length of each joist to provide adequate composite action. Each panel weighs 
approximately 8 kN, resulting in a lightweight component that is easy to transport and crane. Figure 
3 shows the sections of a single panel and how it is joined to the adjacent panels. The design is 
based on the effective bending stiffness method (the so-called “γ-method”) as recommended by 
Ceccotti (1995) in accordance with the Eurocode 5 (CEN, 2004). A detailed worked example can be 
found in Fragiacomo et. al. (2007a). 
 
Advantages of this solution include: (1): ease of transport and lifting of the panels due to low 
weight; (2) construction of a monolithic concrete slab with better in-plane strength and stiffness, 
and no need for additional connections between adjacent panels; (3) high strength and stiffness 
achievable with reduced number of connectors, thanks to the effectiveness of the notched 
connection detail; (4) medium to long-span floors, in the range 6 to 12 m; and, therefore, (5) a 
system capable of competing with traditional precast concrete solutions. 
 
One disadvantage is the need to introduce a “wet” component (the fresh concrete) on the building 
site, where all other components are “dry” for a multi-storey timber building. 
 
 
Figure 3       Semi-prefabricated “M” section panel 
 
 
3. Connection Push-Out Test 
 
Since the choice of the connection system is crucial to make the proposed composite system 
competitive, a series of experimental tests was undertaken in order to evaluate the performance of a 
number of different connectors (Seibold 2004, Fragiacomo and Deam 2006, Deam et al. 2007). 
Rectangular notches cut out from the timber and reinforced with coach screws were found to 
provide the best performance where compared with mechanical fasteners.  
 
In order to optimize the shape of the notch so that the best compromise between labour cost and 
structural efficiency is achieved, an experimental parametric study was carried out. The 
performance of different connector shapes (see Fig. 4a) was evaluated through experimental push-
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out shear tests performed on small LVL-concrete composite blocks (see Fig. 4b). Varied parameters 
included the length, depth, and shape (triangular and rectangular) of the notch. Coach screws of 
12 mm and 16 mm diameters were also considered in many cases. The depth of penetration of the 
coach screw into the LVL, and the end distance of the notch from the LVL were also varied. 
Toothed metal plate connections that are pressed in the lateral side of two adjacent 400 × 63 mm 
LVL joists were also investigated and compared with the notched connections. A total of 15 
different types of connection were selected and 2 specimens of each type were constructed for a 
symmetrical push-out test. The push-out tests were performed in accordance with EN 26891 (CEN, 
1991) where the connections were loaded in shear and the load-slip relationship recorded using a 
load cell and potentiometers P1, P2, P5 and P6 (see Fig. 4).  
 
10
0
 
 
Figure 4   Typical notched coach screw connection and symmetrical push-out test setup 
 
 
3.1 Results and Discussion 
 
The relationship between shear force and relative slip is presented in Figure 5 for the 15 specimens 
most representative of the different connector shapes. The results in terms of strength (Fmax), secant 
stiffness at 40% (k0.4), 60% (k0.6) and 80% (k0.8) of the strength (CEN 1991), and type of failure 
(ductile or brittle), are summarized in Table 1. The strength Fmax is defined as the largest value of 
shear force monitored during the test for slips not larger than 15 mm (CEN 1991). In order to 
provide some information on the post-peak behaviour and, therefore, on the ductility level, the ratio 
Δ2/Δ1 between the difference in strength at peak and at 10 mm slip, Δ2, and the peak strength, Δ1, 
is reported in Table 1. The lower the Δ2/Δ1 ratio, the better the post-peak behaviour and the higher 
the ductility. 
 
Comparison of the test results showed that the most important factors affecting the connection 
performance were the length of the notch (compare specimens A1 and A2) and the presence of a 
coach screw (compare specimens A1 and B1). Generally, all of the specimens failed by shear in the 
concrete (see Figure 6(a)), hence a longer length of notch is essential to improve the strength. The 
only source of ductility was provided by the coach screw, which also significantly increased the 
resistance. The presence of a coach screw and its depth of penetration into the timber (compare 
specimens A1 and C2), therefore, significantly enhances the stiffness of the connection.  
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 Figure 5   Relationship between shear force and relative slip for 15 tested connection systems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6  (a) Rectangular notched connection failure – shear in concrete length 
(b) Metal plate connection failure – plate tearing along length of plate 
 
The triangular shaped notch demonstrated close if not equal performance to that of a rectangular 
notch (compare specimens A1 and E2), thus making it one of the more viable options as it is much 
easier to manufacture. The metal plate connection (specimens H2, H3 and H4) exhibited a ductile 
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plate tearing failure (see Figure 6(b)) with high strength and stiffness. In addition, the strength of 
the latter connection can be easily determined from the plate’s yield strength and length.  
 
Based on the outcomes of these experimental (mechanical performance) tests and assessment of the 
ease of construction, the four most promising connection systems were selected: (1) 150 × 25 mm 
rectangular notch reinforced with 16 mm diameter coach screw; (2) 300 × 50 mm rectangular notch 
reinforced with 16 mm diameter coach screw; (3) 150 mm long triangular notch with 16 mm 
diameter coach screw; and (4) toothed metal plate connection. The 300 mm length of Connection 
(2) was based on the length of notch being an important parameter in obtaining a strong connection. 
These systems are being used in the next phases of the experimental programme, the dynamic 
(vibrations) and static (collapse) test on full-scale strips of composite floor, which are currently in 
progress.  
 
Table 1   Strength and stiffness values for 15 tested connection systems 
 
Connection Type  
(length x depth x width) mm  
Fmax    
kN 
Ks,0.4   
kN/mm
Ks,0.6   
kN/mm 
Ks,0.8   
kN/mm 
Δ2/Δ1 
(%) 
A1: Rectangular notch 150x50x63  
       Coach Screw 16  73.0 80.2 75.4 61.7 35.5 
A2: Rectangular notch 50x50x63  
       Coach Screw 16 46.0 38.2 34.5 27.5 13.3 
A3: Rectangular notch 150x25x63  
       Coach Screw 16 71.8 112.8 102.2 76.1 26.1 
B1: Rectangular notch 150x50x63 48.3 104.7 59.3 41.3 73.9 
C1: Rectangular notch 150x50x63  
       Coach Screw 12 66.0 77.9 74.5 62.3 38.8 
C2: Rectangular notch 150x50x63  
       Coach Screw 16 depth 140mm 84.2 211.2 145.0 95.5 36.5 
D1:  Doves tail notch 150x50x63 20.5 51.1 28.1 33.5 37.0 
E1:  Triangular notch 30°_60° 137x60x63 40.2 100.8 57.3 37.9 34.1 
E2:  Triangular notch 30°_60° 137x60x63       
        Coach Screw 16 82.6 122.8 104.0 75.4 36.5 
F1:  Rectangular notch short end 150x50x63  
       Coach Screw 16 74.4 92.7 91.1 73.6 49.0 
G1: Rectangular notch LSC 150x50x63  
       Coach Screw 16 68.8 67.0 66.9 56.1 49.3 
H1:  Rectangular notch double LVL  
        150x50x126 Coach Screw 16 128.2 217.9 183.1 119.1 42.1 
H2:  Double sided toothed metal plate 650 mm  163.9 377.6 275.9 127.4 44.0 
H3:  Double sided toothed metal plate 325 mm  81.1 480.0 508.4 53.4 33.3 
H4:  Double sided toothed metal plate 150 mm  47.9 54.3 38.7 31.2 37.5 
 
 
4. Static Test Programme on TCC Beams  
 
An extensive experimental programme on a full-scale T-strip of TCC floor spanning 8 and 10 m is 
currently in progress at the University of Canterbury. The programme involves short-term tests to 
failure and long-term tests under gravity load. A total of 13 beams have been designed and 
constructed by varying a number of parameters: (1) the type of connection; (2) the number of 
connectors; (3) the span length; (4) the type of construction; and (5) the type of concrete. 
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The four most promising types of connectors for the beam specimens were identified using the 
push-out tests detailed in the previous section. Different numbers of connectors corresponding to 
two scenarios, well-designed and under-designed according to the Eurocode 5 provisions, have been 
considered for each type of connection. The method of effective bending stiffness for ultimate and 
serviceability limit state was adopted in the design, with the slip moduli and strength values 
obtained as a result of the aforementioned push-out tests. Two span lengths were tested: 8 m and 
10 m. Construction variables include the number of days of propping (0, 7 and 14) and curing (1 
and 5), and whether the notches are cast at the time of the concrete placement or grouted 7 days 
later. The grouted notches required a void or pocket at the time of concrete placement that will be 
filled later with high strength grout (with shrinkage compensation). The type of concrete was 
carefully selected as shrinkage was expected to induce excessive deflection on the TCC beam due 
to the high stiffness of the connection (Fragiacomo et al. 2007b). A commercially available 35 MPa 
low shrinkage concrete with special admixture was used. Figure 7 illustrates a typical TCC T-strip 
beam.  
 
Prior to the test to failure, 9 beams will be monitored for their deflections and strains at mid-span 
for a period of 1 month after the concrete placement to investigate the effects of concrete shrinkage. 
The other 4 beams will be monitored for a period of 3 months, where the service load will be 
applied after 28 days from the concrete placement in order to investigate the time-dependent 
behaviour during construction and the first months of life of the structure. Four-point bending 
moment tests to failure will be performed on all beams by monitoring deflection, strains and slip 
pattern along the beam length (see Figure 8). Figure 9 shows the beams that are currently under 
construction. A further 3 beam specimens will be tested in the long-term under service load for a 
period of 1 year and then unloaded for 3 months to assess the creep coefficient during loading and 
unloading. Finally each beam will be loaded to failure to obtain an ultimate load comparison.  
 
600
63
40
0
40
0
1100
4000
2300
300
150
800
BEAM   D  span = 8 m
CONNECTION TYPE: A1mod 50x300 NCS16 
450 15501200
LVL beam
400x63
Plywood
Concrete 
 Figure 7    A typical 8 m TCC T-strip beam with a 300 mm length rectangular notched 
connection 
 
Figure 8   Four-point bending test setup for the beams tested to failure 
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(a) 
(b) 
(c) 
Figure 9  Construction of TCC T-strip beams at the University of Canterbury: 
                  (a) Arrows pointing to notched coach screw connections in LVL beam 
                     (b) Arrow pointing to a pocket that will be grouted later 
                                 (c) Eight beams of 8 and 10 m length under construction 
 
 
5. Dynamic (Vibrations) Test Programme on TCC Beams  
 
At the completion of the 1-month, 3-month and 15-month monitoring and prior to the tests to 
failure, dynamic tests will be performed on the full-scale T-strips of floors in order to investigate 
the susceptibility of the proposed TCC system to vibrations. The concrete slab increases the 
stiffness of the beam and, as such, markedly improves the dynamic behaviour. However, the use of 
LVL, characterised by very high strength-to-stiffness ratio, may increase the susceptibility to 
vibrations of the systems, especially for long-span floors. 
 
Natural frequencies, resonant frequency, damping ratio and mode shapes will be measured from 
dynamic testing in order to obtain the vibration floor performance. Pavic and Reynolds (2002) 
showed that structural modal testing is able to measure both the excitation and the corresponding 
resonance, leading to frequency response functions. Heel-drop excitation, which is based on 
response-only measurement, usually does not produce enough information to fully characterize a 
structure with closely spaced modes of vibrations. Therefore, some tests will be performed using an 
instrumented hammer and an electrodynamic shaker to evaluate the response functions. 
 
The hammer will be used to strike the beam at mid-span and 100 mm from the support to assess the 
differences in the impact responses of the beam. Different strikers will be used to control the 
frequency content of the hammer impact. The impact force will be measured using a load cell and 
accelerometers will be attached to the beam to measure its response. The electrodynamic shaker 
will be attached to the top surface of the beam and its frequency varied from 5 Hz to 25 Hz to 
identify resonance. It will be attached at different positions along the beam to identify different 
mode shapes. 
 
The dynamic tests will be performed first on the bare LVL beam, and then on the composite beams 
in order to assess the improvement achievable by connecting the concrete slab. Different lengths 
and boundary conditions will be tested for all the different beam specimens.  
 
The experimental results will be compared with the numerical outcomes of a three-dimensional 
finite element model implemented in the SAP 2000 software package (see Figure 10). The concrete 
slab will be modelled with shell elements, the timber beams with beam elements, and the 
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9/10 
connection system with a spring characterized by stiffness equal to the secant slip modulus Ks,0.4 
measured in the push-out tests. The model will be used to perform a parametric analysis on different 
span lengths (5 to 12 m), type of supports (fixed, roller, etc), boundary conditions (floors of 
different breadth-to-length ratio) and, therefore, to extend the experimental results to different cases 
of technical interest.  
             
Spring element 
Shell elements 
Beam elements 
 
Figure 10   Finite element model for the TCC floor with 8 m x 8 m bays 
 
 
7. Conclusions 
 
Based on the results of the shear push-out tests performed on several connection systems, it can be 
concluded that rectangular and triangular notches cut out of the timber reinforced with coach screws 
are an excellent connection system. High strength and stiffness can be achieved, along with 
acceptable post-peak behaviour. It is also important to emphasize that the most important factors 
affecting the connection performance are the length of the notch and the presence of a coach screw. 
Another promising system is the use of toothed metal plates pressed into the lateral surface of the 
LVL joists. This system avoids cutting the timber joist, providing a simpler and more cost effective 
construction detail.  
 
The four best connection systems were selected based on mechanical (strength, stiffness and post-
peak behaviour) performance, and ease of construction. Thirteen timber concrete composite (TCC) 
T-strip floor segments were constructed and are currently being monitored for 1 to 3 months in 
order to investigate their time-dependent behaviour. Another 3 beams will be constructed and tested 
for 1 year under sustained load. At the end of this monitoring, all specimens will be first subjected 
to dynamic testing such as heel-drop, instrumented hammer and electrodynamic shaker, with the 
aim to evaluate natural and resonant frequencies, damping ratios, and modal shapes. Eventually, all 
beams will be ramp loaded to failure in order to evaluate their stiffness, strength, slip profile, and 
type of failure. 
 
These systems currently under investigations will be implemented in a semi-prefabricated TCC 
floor, where “M” section panels built with LVL joists and plywood sheets will be prefabricated off-
site, transported on site and lifted onto the supports prior to the concrete placement. The lightness 
and ease of construction are significant advantages that may make this system a breakthrough for 
new applications of timber use in multi-storey buildings in Australasia. 
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